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(54) METHOD AND DEVICE FOR MEASURING FINE-SURFACE SHAPE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To remove the factors for making 
measurement instable, to achieve the high speed in measurement 
furthermore and to remove the restriction, wherein the objects of 
measurement are conductors, in a fine-surface-shape measuring 
device used in the inner-surface measurement of a minute hole. 
SOLUTION: In this constitution, the displacement of a piezo-electric 
element 65 is expanded by a lever 66 and transmitted to a tracer 61. 
and the displacement is measured by a differential transformer 69 at 
the same time. Thus, the measuring errors caused by the thermal 
deformation, drift and hysteresis of the piezo-electric element 65 can 
be removed. Furthermore, by utilizing the expanded large displacement 
region, the vibration center can be removed following the surface 
shape even for the objects to be measured having the large 
irregularity. The high measuring accuracy and the high speed of the 
measurement can be achieved at the same time without an auxiliary 
means. Furthermore, the shape of the object to be measured of a body 
to be conducted can be measured only by adding the tracer and a 
contact detecting circuit wherein a piezo-electric thin film is formed 
in the device constitution. 



[5a 


_ f 


\ 


■ 1 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiners decision of 
rejection] 

[Date of extinction of right] 
* 

Copyright (C); 1 998,2003 Japan Patent Office 



(mB^mm^ff (jp) (12) i3t ij^ |t ^ (a) 



#58^10-307001 

(43)4:^fflH ¥^10^(1998)11^170 



(BDintci.' mm^ F I 

G 0 1 B 7/00 G 0 1 B 7/00 D 

21/20 21/20 P 

H 0 1 L 41/08 H 0 1 L 41/08 Z 







.(71)mKA 


000005821 










(22)ail^B 


^^9^(1997) 7 H 4 B 












lu m m 


(3l)«$te«i^gs#^ 


i|^S¥9-53684 




#^;iimin«fT^^^KmHBa 3TBio#i 


(32)ffi5fe0 


¥9 0997)3^7 B 








B:^ (JP) 


(74)f^A 





(54) mmo^^m mmmmm^m^:^m^^u^<omm 



(57) C^ifiij] 

^Sl^I^i&^lS^^LT';^L^tt;Il||gJg<^ttiIlI^7>;i;^i^k^(5]B$ 




f 



(2) ^mW- 1 0-3 07 00 1 



a&i3;t> o T^Sft $ -e- ^ c i: 1= cfc y Stf^s (7) Da a 

^zLX-^(7)^{4^^-'S»t-'&^i4-tz>+^^:^L. c:<D 
lEfi-b c> <D<i-^ ^ 4, <t :7 -f — K/ N* ^ ^ 

prfig4-7 -^7 ^ =L x-^ y i^ft t)tLtc®i$+^a® 
^tf)M^«4=»i><t Lr8lt5gifi$-t±. ^<7?S5p<Dffli^+*t^i)^ 

Ji^UJ^-r ^Iti^A^^l::-^ .h ^d: -6 cfe a ICBtlter <7 5^ ^ 
x-'S^(D^iM^to^iM^II||^L. c:(7){iS;:^i^(iS^tB 
0 L 3tf b SaSBfiSit ^ -515 S& (z o r ^Sfi $ -ti- C i: 

[li*Il4] fi4tf-^iglft*-ti-^fcA6<7)T^5^a.x— $1 

liift-^'V K(DI£WmT^IS!Sj-r^gBij!j|HlS&i:, mBM^t 

.fc U^agii^^HJ [5] A^ (Dii-^ ^ ^ <t icfti^comi!) * '(> <t 

[msRiI 5 ] u K(DEE®^^ t L T . ffl If ^- 

-^^i4$-l±-5Ri^MPZT^^,»:, StJIBR1§iMPZT 

aiiS L 5t ^ g3lfc-r -5 Sife^^ t.^ fiS ^ If ^ti 4 SB® 
4 h ^-f K-e -Sli^iS 6 IBSKTJSSifeffl 



i: (D r^Hz li^-r -S) ^ R^ih-r -5 (c^tB y - K 

fcIS It t> K V- K <»: ^ li ^ fclS^]® 4 tB«£co 

fellc^^-r -5 ^R^Jhf ^ tf)(::SiJIBft4^+(c|Slt 

h^Htzif- KS^-yi/ K^lit^frii*]l8lB«<7)«»aa® 

[ii*js 10] m^^m) nift-m^^{^Lt)^-^m^ji7 

^^iX-^i:, mItBT>?^3.x-^^iEiJ)-r€)iES!i^ 
St, infBT^^iX-^<;)^{4$^-^-rSI5<4-b> 
■y-ct. MfB^(i'b>-9-A^b(7)®#^4.i:(=mBT>?'5^^ 
. X - ^ ^ ^ - K/ < ^ fij^-r ^ «)a><i-^ ^ HtltBigil!! 

So 

[fi^iH 1] fIIB7<7.^3.x-^A^ J£mm'T't^ 

'S^<t^J^^gli:"r -5IS*li1 0|BSEO>«S$ffl^®»^4^;:i>l^ 

[li^il 1 4] HtlgBmiS^^-^ ^<4it^a6WL3ti:A< 
t,igii)-r^ieSft^lft<i:. mIfB^<i-tz>-y-A>t,c75<t-§-^4. 

1 3fBiE(7)^fffl^®JT^5|^;|i|^^®o 

fey. mu(r>w^mm^fi:<m^^^zt^nmt-r^ 
L, fi±^^;i4^^i^s<b(omft&$ig$iAi)®iii=<^y^m 

AMzlBi!c<DlSll$ffla®}f^=K;fltJ^^So 



(3) 



^^m^ 1 0-30700 1 



(omm 1 mmiz^tb^imB^fi\(Dm^^mmrh^n,- 

i^mmm^m(Dm^(Dmmmmizi^ir^itmt<'^\z- 

^^t^n^ft^mii^iW^ OA^?>2O05L^r4^3{^^lrI5 

nmiM2 2] m^^m<D^mzm^)Hifh>Mzm^ 

±mtmmizm>bF]±^mi^^'T—zfjm-^U'^m 
L. mm±^-f3'^ih^—yj\^mm^^X'<Dr^(D^—-:^M< 

^it^^z: t \z^ ^:^!£i^mtj:9\^tif3mt^±.Wzmib^<D 
^il^m^>i:i$kmtfs]-X^^tl^'?U^^iLX. Z(7) 

i^mzLtzf3<'oxi^Lm)^it>:^^—v^^W}L. ^$^$0 

Tiz^'oX<^<i:'?lziim.^i^X^-iy^^mr^Zt 

[0001] 

^"^m"^-^ ^fzlt>\zml'^y:>h:^^^^mm^nM\zmt' 
^^<r>x. %mz. M^nfm\zmf&Lr ^m^^mi^fzm 



[0002] 

ld:f#gFW5-2642 1 A^\z^WL^Mz^<r>tmi^^ 

TL^^o 1^3 3lz^^^^0^sl(/J^^®ffJt^;Sl)^^®^D^ta6*J 
^flUit^^-To m^. 1 00 iiimtr^fcu, T':7^a. 
X— ^ 1002 (iftitf 1001 ^-^<iMr— i^igOiT' 

mm-^ii:ho ffiitti 00 1 tm'^nnM^ 00 z ton 

-^^JU^lSt^Sl 0 0 6lCj:y4^ttJ-r-g,« EI3 4(=^-r«fc 
1 0 0 3 a i:(7)ta?*^lli(7)^^ti:7*Ji.- 

T^-f-y-'i'^jn*. ^3 5<7)cfc^7d:i^^ Orel's o m 

3 5-c?(*iS#CD|^^^?Ji^^(zit^JT'(*4u^;^)^ fiS^ i 0 

0 1 <r>mm'^-^'<:^\^t^i^^nmzmM-t^zt\z^\') 

-T-'o.— i^^'•t^-1'':;;^^=J>e3.— -$1 1 0 0 7i?ij{isi 

L. >^ 1 O O 8*5«i:U:^--$r 1 0 0 9T'?4lgU'£f 

i:Si^•z.^m^)mm^ oo5$Wi{^^-&r^-3r;ui oo 

tfc^^'&C:,hA<-C#'i>o ;Ill^>E^^®1 O 0 3 aCT^DflO/)^ 

1 o o 1 <Dmm^±.mh^^\t. xmmmmn ^ o 

1 o(rj:y^-:?;n 0 1 1 ^^lfi^-ttr;fi^?nt^!|^i 
00 s^w^igj^i^-r-scirfz^y. 1 o o 

3 (7)a®ff^t^^i«r c <!: t^-5imx^h. 

[0 0 0 3] 

fz^mmM^mm'^mmzni^x\i;.. 7<7f^3.x-^i 

0 0 2m<*-eft!&fif 1 00 1 $gEi!JLTl^*fc^6. 

^-:^>;u-:/T'm^i o o 1 ^lElftLrL^^fc 

^/)<fc^„ T<7^3.X— 1 O O 2CDfi|i!«Icfcy 

;*^^?ifiH]a^s+;i«-r'&ii^. xmim.mmn^ o i o^^s 
Lrffll^sfctf>, x$ftggiiat«iii o 1 Q<j>^m.^ii> 

-So -Jlfticxlftigiit^mi 0 1 Q<D\tM^ibm. 

iSiiJiiST'^^^x— 51 1 0O2izJt-<r®ufci^>. ft 

m±mzf-t^^?^f^^^< LT u^appm^^ife-So ^ 

/c. ^6+1 00 1 <t;Ii|^)^^#I1 0 0 3 <t(DtS^:^ai<D 

iz. ^m'j^^^^<Dmmmm\>x9\-\zii(.^m\m^m^fzi^t 
^\z. i£m^ou^m^ibmw3&>mzui}^ 

[0 0 0 4] *^0^(i, ia±<oBgii^*^;:?iL. iiimia 



1 



[0 0 0 6] 

[0 0 0 6] ^fc, IW®**:(75ai!^*f^fcS>rLri*. ffi 

^ u HHitiiimiE ^ It th ^ ^ c <!: iz cfc u t^fti ■ $mm 

[0007] fti^+<hZ;K^iBffi)t-'2)7^^iX 

mLtz:^T—i>(r)ikm.t\&m\^xum-r^:L^iz^ij^ 
[0 0 0 8] z+Liz^y, vt^^^)^$mmm.tj^u<. 

[0 0 0 9] 

li, mm^^^)mnzm^'^m^'simtj:7<7^o.:n-^ 

^yj^ix^^). ^mm^^mLtz^^mmi^^i^m^<D 
mmmmm^mmztm^mt^^i'^m^^rho 
[0 0 10] :^^BM(Dtmm2izt^m(ommit. m^^ 
iiA^piti^cfT ^ ^ J. x-^ \zm y ^t(t hytitzm^^ikm. 
^i^i^Lm^^>btLxmmm^i±. 'e<D^<Dmutm:^ 
7^^mt<Dmm^t^HiLx^ "tcDmrn^^moym^omwi 
mmizt^r^itmijmz-mttj:^^o\zmf^7<?^:3. 

mLUf)^i^^nm^^^^t^wz}B^x^m^it^ z t 
iz^ijm^n^m<o[!!\mm^^i!b^zt^^utr^ 

n{^'p^mi\^(D^m^mf\m^Mmznm-^mt'r'hi'^ 



f^^fjfW 1 0-30 7 00 1 

[0 0 1 1] :$^mM<Dtmm3{ztm(D^BM{t. 

^ ,t 1^ ^ - K/ -^7 $i)^IC J: y ^15-7 >7 ^ :3. X— ^ 

ur. ^(Dtm^ri\(Dm^i(Dmw}mm\ziPir^ti:mfi<'^ 
lz-'mttJi^^o\z■mu7<7^3.Ji-^<D{^Lm}klf>i^Lm. 

® J^t^ ^l^miz St JBd PTtB i: -r -5 l^ffl ^ ^-r o 

[0 0 12] *^B^(Dif^Il4(ClBm(D^B^(*, mi^ 

WLm^^^tzi^(DT<7TzLJL—^ti.xE.mm^'^mm 

^mis.^mmiz^^j^iH-r^^m^m^^t. mt&mm 

fi^mz-mxh^^ o {zmtmm^^^y ^ - \-'y<-j <p 
um-t^m^Lt ^mpifznm^mmm^i^m^x^^) . 

[0O1 3] *^5«(Dif^ii5i=i5m<D^?gi*. mm^ 
m^^tzmnm&nmi'tur^^:^mm(Dm^^t>-\±^ 

\z^ ^jm^om-m-^m^m^^u^i-f. m^m.(D:K^im 
mmMLmz-^i^Lx^tmmm'Ptmmfk^i&Tir^zt 

[0 0 14] :^^Bnmmm6\zt^m<D^BMit. um^ 

^-izm'^^hxmum^n-^)v^-^^itLtit^Bmm 

pzjm^t. m^Ftmrnp zTm=f''^-m<r>i^Ln\zm 
'^r^mmmt. mt^m^mziSiifp.Mz^^m'ht. 
me^pt^^ A^ <D 5t ^ iiigi ^ i± ^ ^/j^TL ^^-r * e > 

^i^m^t ^m^fzm^m4tm<D^m^mf\mmmm 
mxh^j. n^mxWi\±m<Dmm^y \-''^^^X'^^ti^ 

[0 0 1 5] :^mm(Dtmm7 \zum<D^B^\t. ^9tm 

[0 0 16] 3^%BJ(7)|S^lS8(Z|2ig£<7)^B^Ii, 



(4) 



(5) 



1 0 - 3 O 7 O O 1 



111(75 ^ R^it^ -5 <!: t ^ 3 ffl ^ ^ t- ^ „ 
.[001 7] :*:^BJCD»^Il9(cK3ig(7)^B^Ii. 

[0 0 18] :$:mM<Dm^m^ o\z^m<D^BMit. 

e> (?) fi # $ i: I ^ IB T <7 5^ n. X — Si ^ :7 ^ — K / ^ *y 

^ t- -5 4^ ft ^|tII5ig»)^IS-^ill m -r ^ 

^ a. x-^ <D^{i|£Sj ^15; If ^ C t r-ftfeM(7)f+jiiI®ffl 

[0 0 1 9] :^^B^(Dii3j^iii 1 \ztm.<r>m^\-x. 

(7)^(i^I^^m<fii(*-r^ci:^4#m<t-r'5li^iIi O 

if. mdiim:<D:K^L^m^i^^izici[^x=btmmf$L^i&T 

[0 0 2 0] :^§^BMCDm^m-i ZizUmCD^Mlt. 7<? 

^:itiz^i)^ m^(o^mm^iK<m^t^zt^^^ 

y. mmmi'(o^i^njm^t^^jt< t^ztiz^i)mu 
(Dm^^mmm^n^ii. mihm<ox^i^m^7(i^\zi^ 

[002 1] :^^B^<Dli3j5lI1 3|Cg2m<7)^B^(i, T<7 

<f=^-^ tisk^ji^ciz^i^jmwi^ti^?^^^ mmom 
^zt\z^i)m^<Dmm'^mmm^i>^\f. naoacT^x 

S A< ^ fig i: ^j: -5 1 L ^ 3 ffl ^ ^ -r . 



[0 0 2 2] :$:mM<Dtmm^ ^{zt^momMit. msb 
< t^zt\z^i)m^<Dmm^f^^^^x>^\i. cafifi 

[0 0 2 3) *^B^<Z)ISm3S 1 5{ClHtE<D«K(*. 

ii^< t^ztiz^i)M^(r>mmosm$m^ua\f. caa 

Si(D:K^l^m^1iimz^LXtm^i^m^i!&Tir^Zt 

[0 0 2 4] :*:^B^(7)m^]s 1 eizumomBMi^. 
tmmMnL^<omizms.^^txi\^s m^tmrnt^fSLmt 

te^^t ai -c? ^ ^ <t L ^ 3 ^^ffl ^ w-r -5 o 
[0 0 2 5] :$;^B^(Dif 1 nz$Em<DmMit. mm 
<Dmmiztzt^\tz n o-^p zTt6:^(DE.mi^mm^m 
f&Lxm^<Dtzt>^m^mE.ti.xmi^t^zt\z^ 

${i:^fcM^iii otdm<Dmm^mjimmm^m.x;^ 

[0 0 2 6] *^^<Dit^iii &iz^m<D^mt. sfrie 

M<b^it^L. mmzib^mmj<z<Dmm^±^^m^ 
itMmmm>^nm\z^m\^xi^^ tm^i.. r^-^tz 
m^itmmmm^MLmizmMLxi^ui^tmMt^m 
^mm^m^mT^zt^nmtthm^rM't it&noy 

t:mmu^mxmmtkii:^mmz^t^x l> a i^m ^ 

[0 0 2 7] :$:^BJ(Dif*lI1 9 1^1212(7)^8^ (i^ fijfE 

B.mi^mm^umLtzm^i<Dtziy^S:<j)m^tmt^7^ 
T^:ii'-^<D^mn^^mti&^mm[z^i)ttmi^M^m 

titj:i^m^itmmm^^nLm\zimLxi^ui^tmm 
r^m^9I^m^m.^m■r^zt^^mt't^m^m^ i 



(6) 



nmw- 1 0-3 07 00 1 



[0028] 5^^a^(7)m^ii 2 o {zt^m<r>mm\t. bJHb 

So 

[0 0 2 9] :$:mMmmmz i iztEmonmit. 

<t ■?-;K^*aJg-r'5MIHT^7 5^zLX— St $ 3 6 0jtJa±. 

*^-e(ig;^d^-r -SiiSj^i^ixi^- v<t ^ ^-r-i) - <t ^ 
^^Siit-rsif^JSi of)^i^ 2 oayi^iTJtifi^izt^Wicomm 

[0 0 3 0] :^^BM(Dimmz ziztmcomBMit. 
-z^ji^^nmz^\^ti^f\zm.L. ±^tmm\zm'i>F]± 
)i'm^^^v<Dri\(o^—zf)i^^T*^^tzi-r^$ii^m{z^ 

or?l^lEl1-Z<t ±$li[H]$E^c#l^^— ::/;i.^(f 
i)<^it^^Z t{z^^:f!Z^mtji^tit}m^±tdi\zUa^^ 

a®ff^M'l^^®T'fey, 'T-:^)\^<r>m-f\zm^-th^ 

*l&CDIHll^fi^Jt<7>^£T ^iS^Jh-r t L^ a ^tffl ^^-r €>o 
[003 1] :*:^0^cogimil 2 3 (cfSieco^B^l*. 

v^^fiftL^$fi<7>Ia]|E^$iim)-r ^ C ^!t^^mi:-r -SIS* 

m^m\znK.xm^-b^^(r>^m^m\z^mm.^\.fm^ 

[0 0 3 2] ^^B^(Dif^lS2 4(Z|Ba<D^B^Ii, S|tSJ[ 

< >5) cfc a (r<is?^i^x7^- v^^ift-r -5 ^ t ^^^^m<b -r 

'5iff*^2 l|Em<D«»$ffla®ff^tt;Iil^^g-C*fey. SS0 

m^m^nnAzn LT«im-^ lEiiicjf a-c # <t l^ ^ 

[0 0 3 3] JiiT. *l^^©||^ffi(Dff^gg(COL^T. @® 



ff^^^cf. 2) i±m^^(otx-ry vxiccfcy^iii: 
\^xm'^:^tiz^i):k&UitL^-^mtL. ^i^\z^i^L■^ 

[0 0 3 4] mM^:$immmmMzmi^ibii^B.mm 
-So ^ 1 |3^5L^T, 11*^^. 2itm^^^^ni-^m 

^7t-WU^-. 3(*®i+/fWU^*-2^gfc<i^1tSRiBig2P 
-K, 5(i1SS/h7t5 a^:^t-'&e>7^-;U7^U-h. 6 
[00 3 5] e2(iR^MPZTmT3$^L. Ri^CO 

F^®(^f?^ffl'j^®m4sii oA<. nmizlt4^7^w\nmmm^ 

i^l&i o//m^{4L (fflif ^ — K<D^fi) . z-:^\s\\zi^ 

[0 0 3 6] ±SB*g!lii^'v h•^D!l!)<^lcol^rS^W 
■r^o (ill f::fcl>r. 4^fij7t^ K^V:^— K4(*. LE 

o\Z4'AW]7\-^ hyi':t-K4±{Z(i. 0/J>?L5 a(;>ff^tfe 
^^-rS3tX7K-> h8;!)^ft^/i)c^tl'&o ftfel+7h;uy-203 
^i4l=Lf=*<-:)T. 4^flj7^h^-r:^-K4=t^ii-r'& 
<7)T^ TtXTK'V h8=t4^Sl)7t^h^V^— K4±^j^a& 

-r^cbic;:^^^ 1&1 o/[immF^<;)^iir'feti(*, Eia 
m.tn-^\-^^:i-- ^ 4<Dtiiti<Dm\z>X(Dmi^^fi^f&iLT 

Dx = k- { (P 1 +P 3-P 2 -P 4) / (P 1 + P 
2 + P3 + P4) ) 

Dy = k- { (P 3 + P4-P 1 -P 2) / (P 1 +P 
2 + P 3 + P 4) J 

ttji^ cf-fcL, hitttm^m o ccomh^-f ;^--K 
4 A> (7) m :^ ^ R 1^ §y p z T 3g ^ ( r 7 -f — K / ^ -y ^ -r -6 
ztiz^f'j. m^<D^mzmm^Kiz<i^m^n-^)\^^- 



10-307001 



-2 1 a>5tSgl::*>$^Lfc|giaft)f)<^ 

[0037] mMZTjkLtzmm^^:^ \^it. m^ts^ifm 

<^lt. 4^i1j7t;h^-r:4-~-K4fccfci;LED6$@^<fi 
7ir5?y(;tltri^-5, RtSMP2T3R^3<OgEiaicJ:y 

^4:^Sij7t-xh^^7|--K4±(z|rg^-r-g,fci^|cfey, z 

- 2 (D z ;^{a]a)^<5i$ 4 :b^iij7t-x h ^-f ^- K 4 (c J; y 1^ 

^^ffi L3fe^^<D l^ P, n S 4, <D I?) 

[0 0 3 8] ia±(7)Jiaj]^*> K$i$fflLfc18!l$ffla®ff^ttt 

1 n*, iiii> 13 4, m5<Di^-fJtit}^\z7jkLtzmw}^v 

-So M-^-vKl 2(*. t^SftHlj^i 3(CctyigS&$;K, 
>::/i 4!z.fcy$jjiig[u]S&i a-^lxyaA^tL-So <!: 

tL-So ::ti^(7)Mi3cfey. M$+if*?a'l^>Pt^1^i 6<D 

[00.39] ia7(Cfclxr, lESftlsllES 1 3lCj;yigift^ 

:K^Jgsi^*v Ki 2j!)<gSja-r-5i, ^(7)SiiA<fi!ll*+1 t 
;K^lllfcl3-r^o ^-ilc. 7^^-T^-fItl'|[HlS&2 4;&<f^i 

^jmm^ti. y-f >2 2fc*cfcmsiai§2 3^aLrigift 

11^1 3(c:7^--K/N'-v<7*^t. mSfi^'v Ki 2<D^^ 

^aJt^-r^o H^;^^^{5]^2 1 (D^^-T'S 

= ^^jJSJf$lz^i&oT. mW)^y\-*^ 2i}<^.m\zmW}T^:i 
tizu^^ :/2 9 1*. t'zl— 7"-f-9- 

3-— gt?i9{5i?S2 4<Dmf]tmmm2 eto^^^ 

y . • p I $ij?jp§§ 2 7 fccfc l/y >28^:n-LT:7^ — K 
/^'y^$A^(t, ftfe«+1<?)ffiEi!l*'Oi:;-ai|^^gi!JS9®<7>^a^ 

r^mt<-^\z-^X'^^^o\z^mnmi-^o z<D^mx 
me<Dz$Am^)mm^ 9\z^i)mmnML!^^ e^z:^^ 



mwi^^t-i^Lm.iz:^mi'^m^) . mmi^m'^^ e(Dm 
It. m^n^m^ e<Dmmmmm<^ifyi^H^:it{ztj: 

-So 

[0 0 4 0] i^J.±(D^o\z^ :^^m(DJim'\\zj:H\^. 

i^mmmji^-zfzscDmtiz^ y p z rm^cDnm l < 

i^ih-D^. n\^i^B^mt) 0tmmmiz^tz^^mmm 
^HmL. $t,fcna>J$«ji2P;u-3f2 gicj^yjiq^^^i-!^ 
®0QflflA<lgi&i5iH (2//m) j;y*:^#L>Ji^-e*. 
m(D^si-cfti^ 1 tmmmzj^'istr^z t $ rt^ 

[004 1 ] ^ffc\ mm^V KI 2pfc3<Dg^i4-t>-9-.!: L 
T(^4^^#j7hhi5<*>r^-K(*. XYZliiT^AHJ^^F^^o 
rL^'&/=i^), |IKg^(Df^l^^l^lC^3L^T(iX$fi(DJ^— :^<!: Y 

$ficD;u-::^^^ij'^(zm;5£Lri^'S7!)^ tgifi^-y Ki 2<r> 
411j!ico:^[S] X Itb & ^ I Y <7>^!cRg^ L ^, CD 
-c?(*^p<. 3 6osfet)f4>-5>lii!j;^rfi]A<ll3^oi^-c?fe 

y. ^fz. m.mmtmmfz\fx\tf6:<^mm'^mF^uws 

[0042] ^tz. l2l2(::^LfcPZT|^^3(7)^®m 

^311 ^<Dmt2X=h^<. 4 5)^ffj7txhy'<^-K4(D:J^^ 

nnn tz ft i: >Ec -5*^ mjSL^^u(nn^mtt<x ^hti^r> 

/ y 'V h;()<&'5o 2^i^^D^^m^^^^^P^y^t:> 

-rtif^. ^lidtiii^'v K^tSfi£-r^z<t;{)^r'^'i.„ 
[0 0 4 3] {^m,Mm2) ms{^^^m<D^2<D^ 

L^^n mi £o^jtecoff^int(;)iitiMis mtmn^ Btz 

liiHyHlllll g^mfifi-^'^Kl 2«iJ(c^lSLfcC,ti:. 

^l^s^^^ji 6^x YXi^-i;3oa)±iriay#(+fc^ 

Tr^D-Sp CCDctd^^frnfife^ct-S-irlCcfcy. :i^^-r> 
fcfcL^T;Iii^>Pt^!|^1 6JZ7^;toX$L/cit^lZ, XYX 
7^-':;3 0f^cky;l!l^**ti!B3i e^JiS!)^*:/ Ki 2itT 

{z^m-^-^^ztt'^x^. mm^v ki 2*<iite«mi 
8<hz$4i5iymsi Q<r>m^\z^^K tx\T.^^<Dm'^^ 

-So tffc. MSft^-:/ Ki 2a)«'L>i:@te^«1 8<Dtlb(0 
[0O4 4] (^Jg(D»^Sl3) ^JtB(7)«^EI1 fcJ:U^^J£ 

■r-ss^jai^aiisig&i 7(*, ii3itma^AMtT^$5m;Ti^ 
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A^f#e.tL7&<^i:^z<tA<&-5o c:mr^L> 09 (b) 

ni^cDi+jiiiT'i*, mni^n^'^ 1 6 (D^m^m^ ^ 
[0 0 4 5] m^ o\t.n%m%wm^m±r ^fzi^o^ 

Tt^^o 5c;J5tm;;^4 1 7()^j^(Dmi±(*. m;jfil^tiiJg^n4 2 
'J-K4 3 tjfld^J^^J^i 6 ior^lcti:*^ 

^'jfj?iS^a4 4A<f§±Lrfcy. ^ <d /■£<»: 3:? nfL^ 

EE4 1 (cJitLrj?iM^S4 4<7><?f-eS*&mi<»:'£»:y. fiS 
5 t K K 4 6 iCcI: y U — K 4 3 <h > Ki: 

a>^*mls^$R^L^r*t^'g>o ^$&myft(*. m;jiEiiitij®tt4 

2 ©mii^^lifilHlK 4 7 T'^;^lr-r ^ d i: fc J: y ^ttir-^ 

i:A<-C?^^7b<. 1ll;fitIs]S&4 7'\J»:fcf— Kv— ;UK4 6^i:«h: 

[0 0 4 6] {^mmm^) m^ 1 Kv— ;uk 
46$'J-K43<D^f-e'&:<. ftfe^f lilctff^fifeLfc^ 

;UK4 8iDj:l/$fei^Je4 9A^Sil^a<JlC^5fe$n'5o 
::^S£l::J:y, 'J-K4 3fecfct/mfttl tjSfl^^^^ifejl 6 



1 

<!:cDrBio??iss§ss4 4^M^-e3i£f,-rci:A<-e^, m 
3r^5^-^, p. 1 1 0-1 1 4) o ccDif^. m-^n 

;S^^cO$^^b(r^g3i-:?„ 
[0 0 4 7] (|liSC)»^g|5) JM-tiili^fcllJfiCDff^figr' 

^1 z\Z7Tzr. UWi^v Ki 2<t:^5i$+i <t (7)ra1(^/h^ 
EEm^^5 1 ^gglt^CirlZcty . toit 1 ;{)<iK'l:^>Pti^#l 

^tiifflBEmm^S 1 Mit<D^t?yiC3fp-trX^ 

^&lc<^:y^^iSLfcGE®wwlmr'%J:L^„ ftfe^i 

cD;Iij^^^!}^ 1 6-vCDl$M^> iSIfi'^^:/ Ki 2i^(D^te 

[0 0 4 8] mmcDrnms) -^^^mv^orrnQxit.. e 

<):y:;*^S^(4^orggi:L. ^ ^lz^^4-t2 >-tMz J: -53^ 
[0 0 4 9] Ell 3(**IIJi6(Z)}^fil(::fclt*iitl!i^fa^ 

jKLrl^'So ©1 3(C^Sl^r. 6 1 (iftiM. 6 2 

6 1 A^lll^^^^rl^'&prS&X^^-v, 6 3I±PrS!lXir- 

V6 2^i|X#"r*®<*. 6 4liprSi!i;^7^— v6 2$2ii^ 

v6 2 ctM(*6 3^z|s^$4^fc¥^T^d!^. esiitst/hg^ 

^•r'5fci^)(CJ5mm^^6 5^y(r^^6 6 a ^^t^^lH 

6 7(i^:*::^;H^r^(i^BjS!);^^-^;6 2(z^E^'5 

K6 S^^LTHUl K=5>;^6 9<7)3T7 OA<ISy^tlt 

t>^^Tt^^o ^<4-tz>-9-C:fe-&^iaK^>;^6 9fi, 5^ 
^xMMlMi-'iiiWim'A^^i't—^k^'OX^lzt. 377 
0(Z)g^<ilzfS;i:T^IS;«t$^4fe-r'S-2fe=i-<'^lx7 3lzJ; 
ytSfife^tt, ^^Ufc;iJJ§;JK(*, |5]^^;JS[1]S&7 4IC.I: 
y^SftX^-ve 2<7)g^i41I#fZ«Eg]$tt'&o 

^a&X7^-v6 2(D^mg^m#<!:lt^S§7 5 
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[0 0 5 0] :i(D^=?tjiy^—\^/\^y^}l.~zf(r>:^^lZ 

cfc^l:ii^jl (1 OOH z) T-mSfl^-t+'&l::!*, 
[005 1 } (gll 4fzSlJ(7)Jii!j^lS(Dtgfi£<?I^7F-ro ID 

1 3t<Dj^i^it. ^mm^{z/u^)\.y^mm^7 8^ 
AMt, <te:^(ci£$ii-r^j:-5(ri:i±^3{)>it'5c<>:r% 

5<D1 Of&Jii±(D^{i;()<5i;i!tnr^T'^'?)7!)<, ^^tiltm 

IK Lt^L^jit^ii:,. ^mtmi^x^m<Dm^6 ^ t^T 
7 o^mt^-rtzifx^^cDv. /<^'E)i^-PEEnm^7 8 

[0 0 5 2] m 5fc^ij(7)^ift^iscotgfijc0ij^^t-o m 

^3t0^^l^lt. m^8 l^m^Jitiftz^Mm^S Z(D 
isC8A^i\'LXmW}^JIX^7.^—i>8 3\Z^l)^^^ 

-f /^X^^-^U^ 8 6. P I $«JSNIS&7 6fcJ:Ul^1tBET> 
::^7 7 ^:n-LTam^^8 2 iz:7 ^ — K/^*:^ ^^H-So 

mB^iztt^^7 5a>mnmt. ipm^8 7 ^it-Lxiti 

n}klsb^Zyha-^8 8^0^m^^tU^). 7.n-v\t 
^^^--Si 8 5A<Is)IeLTX^-v8 3A<{4W;*i^$n 
-60 /N-</<xz7-f 8 6 <h I $^J^^il#l8 scDISfiJli, M 

!8fl^(*Em^^8 2(c^Tt^-t*-, ^gl^^;fif3BI<D:*:^L^i^)^ 

S 8 7 0)>rV > ^SSS-r z i: A<jg5.S-t? fe -5 „ 

[0 0 5 3] m^ ^\zji\<T>'m^m^<r>mrSLm'^7r^ir . m 



3 (i7^^^,fiatS 9 4 izm%M^ 9 5 J: y m^^n-sfin^ 
3^9 8(Cj:ym/»<3^E$H-5<»:. *ii)i:^fS]|c^ii^^± 
9 2l*5p^T^/N':};2 2lC<*;y2titT^i!j-r'5>^^lC*V K 

*nSo priii:^7"— v9 2<D^<4(i. ^S&h^>:^6 9 

0=ir 7 0{Cj;yi|iai^tL. |Hl^t^;^[lISS7 4-Ct^;jgf* 
Mz%.. ^mi^<i-§-<i:lt^§§7 5T'lt^^4x, ^(O^ 
I D$iJ^S9 7;&x?,^m3SET>:/9 8$:frLr7K-< 
X=J-1';U9 sui^-r — K/N'^>^ ^tL-So 7t^-rx=l'f'JU9 
3^zJ:^^-'$l(iSi!J6<)(C7:^y•^-rl^COT*. P I D$lJtJ|) 
^9 7<D«S^yV>l::cl;yy>e><7*^-^^T-\!3^i2^^ 

[0 0 5 4] 'Jk\z^ Mi,^^<T>mm^vk(nmn-H^^m^ 7 
(c^j^-Tc (HI 7\%^t\.xm^ 3(r>mm^%%(r>vm-H^ 

gA^T^^iX— $^ 1 0 4(c:fB^L, ^SfilHlBSl O 3 

(^1 -cf*S5m/ET>:/7 2) fCcfcyiEid^+i-So IgU) 
fl-^l*. H^j^^iS^i o 1 3^)^bH:^;^ff$^S^i<^:■r 
^P ifH2(i|§1 O 2^ilt/c^'f — K/^>^<i-^-C?fe 
-So ^ii-iz 1 0 .5 limiS h ^ >X 6 9 ^ IWl^t^i^tle] 
K7 4CZ)im«^^1:)#^i$fflLru^^3Ei<. ?SJS$^+^T? 

isi^(i. to'^ilt.—^ 1 o 4<D^it@;:^4^)^iE^ii(^t*'g> 
fcArxo^^-i— ;i.~3^*i 0 6<t, fm8^ t.mk'^nn. 

[0 0 5 5] / VA'-^U-T-:^! 1 1(=fcl^r. ^-tfm 
6 1 ci:Mj^^rt^<tCD^ilA<3©iS^aitH]SSl 0 7(Cj:y 

i^ai ^^K'So #M^^fc±ii5]s& 1 07(iiii34<hf5)i:< 

09 (/ri:^IS50%) itJiig^^tL, I $111511^ 1 1 O ^ 
^Lr, =^I;JK«^I5]^1 0 1 (D«#(zSLii^HSo 

:l(^>^^t^^^^r-)\^—-S^ o 6 co^^im^it-^i: ^f-S) 

XZyr^^UmikX'^mtUh. -^LT. I ^JfSPft 1 1 00 

^■h^vm\.fm^^m%nn^^^t^thz.t\z^\^)^ 

d^^ci:^ v-v-ju-^^i 1 ^<r>n^\z^^^)^ fii^eili^ 
[0 0 5 6] cc73^3Jtf^J^(*;I'l^>E*^WJ^$ffl:6^<l& 

owPoigiA^^^-r^o I-:?!*, M'^nn^^'^^L^^n^ 
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[0 0 5 7] 01 SliiSeUfrT^i— ^-f ff;HIslSSl O 

-So D-y>? 2 O 71*1 O O k H 2 3gJ®a)4,a)$fflL\:- 
C;ht>(*y— h 2 0 9. 2 1 5 $iSLr*'t?>'$^ 2 1 

o. 2 16. 2 1 8-\^$g$tL^<, -niccfcyy- hA< 

•^5^2 1 1 . 2 17. 2 1 9lCH!^iA^H. $t>|CZ0 

jii*cpu2 1 2(riJiyii^tirlti^tm**i-g>o ij^. 

t#^,tt^^:i;jSjft^(zf5]^LtrM<t'tf'5S Y N cm^2 
O 1 ^lt*>JtA<yi^ai[S]j^2 O 2lzA:^L. 
U-f 2 0 3$jiL/=4.(7>^*1|ffi-r'So C<7>'Ji2*:; 
I*. t> o t,gftttfcK5Flcfg^-r -Scfc 

aiCT^^- U-f 2 O 3^*||?IS^t^,rL^^o ^— h 2 1 5 

^ 2 1 eijmUFT^tzib. i±2 1 3(i5*;/^ 

2 1 7C0M^^'>^2 1 gCDilt-CS'JofctOT'fe'&o 
IC. 5*>r H'2 0 4«!:7>/'?;i/X^^[H}gS2 0 5{*. ^ 

mmm^^<^ y ^ <t ^^tL/c^r^i/i^ ^> Hti^o) i ~ 2 
wa)/^ju::^a>rBii^fg^ii/)^'^m$4x^<t^':/^2 1 1 iz^ 

aJigmA^^^-SA^ ^*;/5^2 1 7(D(il^y4,^'V5^2 1 

^':5if^tmi^(D^m\::'0Ut^:b(DX'. 
[0 0 5 8] m^ 9i*i^ji±lftKLr&fc«fift^S$»tE 

M<75miig^7?fe^o m^3 0 Htm^n-sJ\^^' 3 0 Z^i^- 
LTT^^iX— $1 soaizH^^nTt^'So T<7^i 

x-^ sosfini nzTjkLtzmm^wz^ijpmts^ 

TLN^o 7^5^iX-^ 3 0 3 i:fi!&fh3 O 1 Ih1$e± 
$ft3 0 4lCj:y3 6 0JSUJl±{51^-r^Ct;!)<T-^Sa ® 

fe±$i3 0 4(±3^J#tg3 O 5^Cg)^^;t^Tl^^o 

i}333 0 6i*. ■t^>:/;^?^>^^3 o 7 ^:n'LT2|^xi^— 
i?3 0 8ic@^$ti. $t.lZY$fiX5^~v3 0 9. X$fi 



x7^-v3 1 otmm^n. ^mi^vs^^moiEmti: 

itm.i^ibt^'^mtfJi'T^Xl^^. m;M^ifeKD<lS#^ 

*iiE-rsfc«f)<DTF--f ;u v?$-9-:/:^;i/?t^juy3 o 

7 U#^JPLT%ci:L^o X$6Xt^— 3 1 O li. ^0)^.1^ 

X hP— <7^^i^f-i^cDXl4:b*-< KU— ^1-3 1 i ±fci£ 

toX h'V/<3 12.31 3/)<SSItP»tfCL^§„ XiftXi" 
-v3 1 0<DX hP-^A<+^:^< irtl^^^l*. Z(D 

^ouxma^ Ku-;u3 1 1 it^wui^o Wimm^s 

0 61*. xifi^V Ku— ;U3 1 1 (D:£4S-c?iie»ja3 i 4 

coSTd^lftL, y:i—:h:^yy3^5X'm^'^t>■\tt< 
'nt>ti. Tv:^p<^3 1 ed^tyia^T'^-So Si0^3 

1 4fccfci;TV:tl^^3 1 6(*. 3^|#:te3 1 7\Z^^)it 
lt'b+LT:L>^o ^1t±tt:f*^fia3 1 8(7)±(=m-tJ-C,*L. 

[0059] mzo \tmn±$A 304 (7>P$ffllS. ^ 2 1 

^i^mjsicwNiJi±-h(f $Hfc^ii&xtr> k;u3 201*. 

x^x h^T'y :^y3 2 1 ^:/^Lr^j±(^:te3 2 21^.*: 
y±;^(c§|-:55Sb:*xr*>y. ctt^iHi*3 2 Sjb^Siti: 

tf)T. ±T^fS]0)±|iXt*> KJU3 2 OOJiiS^g^L 

Tl^>6o ^t>IC, -^^fCOV.^tT^P*^'^? 3 2 4A<^|l&xe 

>K;u3 2 0^i*?^-r^c:i:fzj;y. ±ii&xe>KJU3 

2 Of*. (llEa?SiJt<D^^^LTiEiitlc^*l^5F;Kfc« 
al<t'^d:-So Vrt^^P 3 2 41*. ^t4$?&Sf^(* 3 2 5 ^ 
^LTffX<^3^U— h3 2 6fc«fei;:tei:3 2 7(Cci;y 20 
*<5i14M(=l|^^$+i. ±f*i:LTC^(D}K1*i:^fy. ^ 
I5(^*a3 2 8lc<fcy c^$F^i:-S«*:5l=*^*P^rt^ 

^„ VJtrfP'V<7 3 2 4 ^20^ffl-r'SS*(*. ±$4X 
t'> K;U3 2 O0$4^:byic^^.(C4j^Tr^;^^Ctir 

J: y . m%E\z t ^ tjii^^t^:^ e > 3 2 o (c V 3f p 

-jO 3 2 4;5)Nf,Ant5^^±lCD^lt^^l:fi/h^<-r'5tcA^ 
tr&^o V;t:?O':/<7 3 2 4<h^|fixe>K;U3 2 0<D 
relief*. [H]|Ea#(7>j^^h;K7^i6;mLTX^-f •y<7xy 
^;/3f$^<-rg6*ji:. :il6xe> K>'U3 2 ofc^u^vit 
::3^P'V<7 3 2 4<D)r!![:^A<SI€-r'5Cih^R^il:-r^g6<J 
Tr. mm^y— h3 2 9*<l^^3i^nrLN-S„ h 

3 2 9i:Lr(*. mm^<D^i^y^:/m^mm^tzitm^ 

JS7Kyx5^L.>3^^M9^ (fci:^(^NTN'<7"J-) ^Jf^ 
tmLXl^^o Vmyo^y^ 3 Z4{t. ±ll&Xt'>K;U 

3 2 00>teCy(cS^-r«>BiJ1±$^«)'&fcy)lc±T2o|r 

^mUr, ^CDX/^>:l^A^-ti-CC<t%T?^^o ^/c. 
2oa)Vm3fP-:/^ 3 2 4^5i1t$iS$^<*3 2 5ir.fcy$g 

^■a-r. s^iiM^ t>^iEi*:tei3cfc y ±$fix e> k;u3 
zo^feiE^aitct^iPrffi-efcSo ^tz. vmyo y^ 

3 2 4^1-^fc'(ti:L. ffeCO^fft (fr <b x.fi=fAP-^ 

Ut') (cj:y±$i&xtf> K;u3 2 o^^ovm^^n-v^ 
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3 z^\zWLmx^:it%-^mvh^o 

jii:/p^><73 24(i5F®pmi=j:y*DXL. ±ii&xe> 

K;U3 2 0(*Rf^W^lJ|z^y*DX^tL(*'J:L><7)r% Jt^ 

*o t^6^isi$E;^e> K;u3 2 o(*. xTxe>K;b 

^i6§£.^tt<t, ^$ft:^tr>K;U3 2 0ir/)NA>'5M^^;&^ 
;U3 2 o^v;S:yp »;/^7 3 2 4 icriS^-T-sm^lSo 

[0 0 6 0] ^$lbXt°> K;U3 2 0A^'=>(i[ll5T— A3 

3 0A<#t/rfcy. iHifET— A3 3 o(i. ihI$e;^^— V? 

3 3 1 t^^mi^Xl^^o [hIIeX^— v3 3 1 f*. 

f> K;u3 2 o ,!:iHi.DR-hr'iEi$E-r'g>A<, mmmt^m 

t^fctollfeT— A3 3 OirlslteXT^— v3 3 1 Of^lZ 

J^f^ll&xev K;U3 2 OCOSlE^^^lElfnXi^—^^S 3 

■tz>-y-63^^l+-|)Z<!:lCc};y, lf> K;u 3 2 0 

3 2 0(c;fiD:b^^:^^/jN^<-r^i6<]i:?. IhIIeT— A3 
3 OI*T'^'g)/£(tS< . o^iJ(Hl$E*'6/i^i=)-C^'5fc'(t 
ifi^^^iS■eIHl$EXT— ^^3 3 1 irtgftfe-t^J: diiix^u 

TL>^c ''ar-tf^cft). ±lixe> K;U3 2 Ofc^Ll^IillS 
xe> K;U3 2 0(D5fe4a8lc(*. f^^x— -Sr 3 0 3 
;U3 3 3(7)flSyin]LA<MU<t. hVU 3 2 O 

±ttxe>K;U3 2 0<Z>®«nimS$Se^bLTL^5o ^■ 

ti$lHl$EAiF~vJ3 3 1 :?;u/-t^;u^.3 3 4T'I1}^ 

LTL>^o ^— :?;U7h;U^3 3 4<tT^^zLX— ^ 3 O 

3 (r>v^(r>^nm.mt\^ t ^ t'mmv ^^tzisb. m^iiz^ 

o'r—yjVQ 3 3(0tzt>^ti<Dm^^^^-r^::.tfi<'5i 

[006 1] mum^ t^^^hx— ^30 

3. lHl$K^|*3 0 4, ZI6X^— ^3 O 8, YIS;^^— 

Pm =Pc +T (0) re +wT 

[»13 



v3 0 9. XffiXi^— v3 1 O^ifCOcfcdl^Sft^NLr. 
f&«ffl:?v:a)^Bf®^;l'I^-r'5ii^T'fcSA^ I5)$ni|i3 0 

|ftX^~v3 0 8^±:^-viM«';3^<?^4^A<'=>. Mti-3 0 1 

cD^ii^lB^^-r:txl^c);i^. Mtf 3 0 1 1*. mMm^3 0 

iia;^i^-i^3 1 o^ij!IA^LT^fi»l^i|&^^i^is^^bL 

r. T<7 5^iX — -$1 3 O 3A^^(D^{4l|[affl(D«rBll-M'& 
-efc^A^ lHlte^$l&3 0 4<DlElfc4"D^lftiB'!^#J3 0 6 

c7)?^:t^:,j:^i:(5(^-g^^ti•trt>tll-T?. ft4$+3 o 1 

<i:mM5?it. ^^>(ClHllE±li3 0 4^3 6 0^l9]$E$ 

■a:. fi4^t3 0 1 cD^i^L^u$^r tiu^i^o MF^mmmv 

It. Y$*X7"— i/3 0 9. XfftXT^— -^3 1 0$l^)35)^$ 
^3 03(D^iitg:#DlCckytlJRg$4x^o ^/i. il'J^Wti 

^»:S<ga):A:iSSf*. ftitf 3 o 1 <D^^m:k^^\z^ i)pm 

^H^o [Hl$c±$fi3 O 4 <h|s]B#(r Y$6XT— V 3 0 9 <t 
XfiX7^-v3 1 O^S<13^l^-B:l^. ^iS(D:A;^$(7)5^^gf 

ztiz^ijm^^mx^^o 
[0062] mzz \tiim:mmmmmm(Dum:f5^^ 

TjkLfctCDX^^. ^TM*fi4^3 0-1 ^±y5t^ihmi^X 

L^'5;^)^ ft!i!^t3o ^ <D^tis(Dmmmmmtm^<D^ 5 \z 

1 ^icRg^sztr*, ;^irft4$tcD<!:CDJim75<;|i)^J>f^®4 
3 0 11*. Igl^^FtLJ^Cl^T^^iX— -Sr 3 O 3lc,i:y 1 
t-r-So [5]$5±|fi3 O 4C7>(s]$e4"D^Pc «!:L, ^/r, 

HJlE^lfi 3 o 4 (7)015^1 0 7&<o <D 4^ allcfc It -5)^2^:^(6] 
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